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(57) Abstract: 

PROBLEM TO BE SOLVED: To compensate/remove 
asymmetric waveform distortion due to group delayed 
distortion, etc., in a FIR(finite impulse response) 
circuit and a magnetic disk device using the FIR circuit. 

SOLUTION: A read-out signal Vin impressed to an input 
terminal 20 is impressed to a FIR circuit 17 through an 
AGC circuit 1 and a filter 2. In the FIR circurt having 
a delay line \Mth a tap for every delayed interval 
almost equal to the interval of a signal, the asymmetric 
distortion is compensated by setting a tap coefficient X 
from the outside and the symmetric distortion is 
compensated by setting a tap coefficient S from the 
outside or automatically determined by a coefficient 
determining circuit 8. By independently performing the 
coefficient setting of the tap coefficient X and the 
coefficient setting of the tap coefficient S, the 
asymmetric waveform distortion due to group delayed 
distortion, etc., is compensated/removed and an output 
signal Vout whose waveform is formed is obtained from 



an output terminal 21. 
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C»^#a] :'3Si^2 0(cEpjn$fut:fi!ttJLfi-^Vin 
a. AGCHIS&l. 7-<;l^:J'2$-:n-tT, FIRHISSl 

ztizxo. mmmmi^^izxi^im^m&mi^tm 

^2 
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[#itifj|?co«Effl] 

HtriS:5' -y r^OHirEf^^Sri^-r c: t tc J: o mmm- 

•tS^5rlSjE^I>»l'^^'-/r«S!!m^¥gi;, ft-f-jS 

mm 1 orJ' y r f^iscig^^gfc tuiem 2 <7)^ -y r^iic 

i: 2 CO ^ -y rmiS^^ao^^OiSS S: 
^'f•g|53&»^^T^^^2:#^gi:■r-l.if^liE«^OF I Rig 

iHiMtcita i t $-!msfc-f sit«« 1 iaa«oF i Rig 

ffiEm 1 <ojo»s(i, Miem 1 (r>fm^(r>\i!,-^ t mim 
mm2ffyfm^ii. mm 1 <^jD^<7)aj:»3S-m 2« 

MIEII2cOjna[S{i- H?iffiiffiil(7)-fe>^'-^'-yr«7)ttJ 
mm2<7)MM^(^lii:n^^^mF i Rm^<r>tii:f]b'rt'l 

timmt^^F I REis, 

[ 5 1 mim 1 i^^co^^t/Mie^ 2 

F I RHISI. 

Biriaiii <ojD«s<^aii»3at/^^^F 

I RlHlS#c7)tti:;tiic«^# , ^iSF I R[ll!?S<75tH:t]*>' 
f" 0 J , r 1 J r - 1 J CJRgJrr-S i 3 {cmiiBII2 



-Sil*Il4iSmcOF I REK, 

mmb^^w^eim<^F i rihiss. 
m<r>F I REK^ffli^fciS^'r -f x^ss. 

[000 1] 

imn<^W,'thim^m\ F I R (Finite impulse 
Response ) HIJI&at^ClixSrfflV^TtlSSS^x-f X^'iiatC 
raL. Wfc^N«l-^F I RHimcJ: SPasa^^ 

[00021 

r-f ^^^^ H^Wy^lBHDD (HardDisk Drive) 3&« 
S^SixTV^-S, ^ha*»'i><^)SiZ^ft-i-ti:. HDC (Har 
d Disk Controller ) 1 1 1. 'mLff-m^ (WriteE 
K) 10 9, HDDcO»ji^rvn 0 3 (Write A 
mp) m/m%^'y K 1 1 S^i^\^X. ie#«E«cl 1 
ie^$^x-S, IBitmi 1 4(ci5^$*T.;t«#{±, 1^ 
'^.■yHl 1 3X'm^b titVZ ^ HDDc7)Ma5Lr>r 
(Read Amp) 10 2, AGC (Automatic Gain C 
ontrol ) EK 104. ^^•yWrJ'lOS, FI RESS 1 0 

7 , mm^ 1 0 8jtt>'HD c 1 1 1 $::n-LT , ^v&mm. 

^^^^Kh. tti. F I RES&l 07. «PSI1 08 

atXHDc 1 1 im^^r ^ >'^)i^m^fmt?>^it. 

y-ov-^x 05bF IRES81 Olb(r>Wiiz. r^vi^ 

[0003] :L<n^Wk<r>^^(7:>mm:^M-^zmmth> 
F I R0SS 1 0 7(±, fi-t<5o^s?^EKt:\ m^<7ym 
ji^ • ggait. AGC 1 0 4x<i7-f /I'^'i osm<rm 

I RESSl Ql ^<T>ny :^-9moW.'&M. ^^rU 1 1 
3S-#BgL.T, MPU*^:F I RESSl 0 7CiS^-r2). 
ggajLTVn 0 2{±, ^aiL-^'y Yt^hm^^^f^ 
fiSfl^ft-^-SriilSL. BgtilL^A'^^^KRead Chann 
el) 1 1 OiCft-§-^fE3*-rS. SiiAT^ri 0 3{±. 

-f ^-N'T-S)!*, «a^ES§10 9«i, HDCl 1 l*»<c>cO 
»ji<?*7^"— :J'$-fi-^i!!iaL-C»^ ii^-T'yr 1 0 3 tee 
JMfi). ACCESS 1 0 4{i, S5SajLfi-^ai:tlcOjgil@$: 
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Mz. mimmi<r>imwim (boost) ^7jx?>i% 

r 1 J (Tiy'-^^lZ^m-t^mmTh^. H DC 1 1 1 
it, liDDt^\-^mSt<7)mmi'i70 . MPU (Micro 
Processing Unit ) {±, HDD<?3i6f^$:W]») . FI 

(MEMORY) 1 1 Sti, HDC 1 1 1<^>'n— A-t^x 

[0 0 04] 112tCta!*<7)F IR0S§$r^f. CICIT- 

a^X{i-f-ixtci2v^fiS^c?)^S$-fi=3 c: $• a d , A:>3 

^2 0fcEPjD§^r7tMaiLft-^Vin{±, AGCI1IS& 
1. :7-f;l':J'2S::)>L-C, F I R|IISS7tc6nJn$il. ^ 

F I R|HlS&7{i. «m ([2T-{i, rJ' yr^-'SOO^aj 

iBEs«. fi#<^i^iafaPii:B&^Lv>a®i^ia: T) i 

8«i:. jD»S5<7)fctJ^jVN St/F I RmSSOili^) Vout 
tcao'^. F I RIBiiSo£B:^*>' I" 0 J . r 1 J ^tz/ r- 

cr>x:fjWFizmM-r?>. mmmi 5«. 

#^2:0*i. -?-c7)*2rl#e. ^ i^iz^<0^^2^S 
fcifcx. ■fe^:J'-:^-yro£$:-l#S, $^>lC-?-<7)* 

[ 0 0 0 5 ] A:'J^2 OCEPJn^iiTt^tli Lff-f-Vin 
(i, AGCSiSl. y ■< /U:}^ 2iirLX , F I RIhIS&7 
izma^iii,. F I RHIISTTti. -iSScJD^' yrA 

(7)liitliE^V^ i: l«S<?)^'-yrC<7)l±!:^jfi-^Vc i:$r 

S:S6<7)i±J:fjff-^VNCi:@®^l 5<7)-t^^-^-yrB 
[0006] 

[^BJ*^'J^tJ:ai:^i.PS] 5t^, imc^m^iz-^ 
( 2 ) 128 ( 3 ) tcS^f i 3 l>z. fl^.-iiTO ^^^^.X^ 

^tmmzm.A.X'^'^^ (fi^^i^To ]:M<7)^>y'!i-j^x- 

ffisrl^o) m^X'h^. HS ( 2 ) X'li. ff-f-.-STO iz 
tJft&SISAvh^V^. ES ( 3) Tti, ft-^*TO R 



^ixTV-vl.. C:cOJ*^(i. ff-^^TO *>^>l.l.i:^E^*i 

(4) {c^f j;dtc. m-^j^To *^<c.^T, m^com^ 
ii:^E^wx^\>^^x'h^. m^^<^m^x'ii. msiz 

[0007] tJ!*c7)|a]JST{i. EI6 ( a ) {Z^-tX 0 

tc, S!aitfi#vin*^ ^F&^mT'2^■cv^^uJ*^^^ 

F I R|HlK«oai:'3Vout t,06 {hXTiXolZ, 
f 0 J , r 1 J r - 1 J u^;Ui<m^m*)Xh'^X 
mm^^\ L36»L, AGC104. 7^7P:5'2^cO©M 

g!aiL^a^Vinj&*S6 (c) OA. BtC^-Tid^ 

[0008] mkc^m^X'ii. ^^M^coMih-iziFtLX 

11. Si?»^$-fflGEfSii:**t?-#irV\ fi!r>T, F I RHI 
KOI±J:tl{i, 06 (d) JcS^-Tidtc^O- roj K 

0. Sf5i®M;^*-'^-r.sfai^a{c35'?. u^<^f i rhi 

[0009] -tzT. ^%mii. ±Mmmifm-ti>ti 
Mz. Mm^^m^zx?,^m^^m&Mi^iniE ■ m 

[00 10] 

it. F I Rmm<r>m^^^-rtn:tb<7ymm<ommx\ 

F iRm»0-^t.:i^^-r) Srv^d. mtii, MPUi 

12. 1 1 3t±. 9mx$>^. tmmnzsm^ 
ixtzF I Rmmzm-ti>^mit. ^ -^y?:B.iftimm 

TjD»-rSF IR0SS (03^7)1 7) tc*5V^-C, luiE;5' 

•yriOB>ri2«ig:S:iSSf sittcj: ^mmm-^^Wi. 
2rWL. mmmm-h^mt. m^MAzni-xw^^ 

(S3c7)i 3. X^) ft-t;±r{3itLT:£^*j^i0fi 
#M^5:ffliE-rsm2cO:J'-yrf^|gtiS^¥a (030 

6.8. sm i:s-^L. «nei^io:? yr^sia:^# 

JlfcSrmtf SF I R[51S&. 
[0011] iS^ 1 fB»056BjK: J:#i(f . F I RHIK 

-f-S^^^ 2:?iiE-r S ^ 2 -y ri^fttSS^fS t * t . 

mizx^^^nm:W&m.?i-im3L ■ m^i-?>-iti)<X'^ 
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[0012] m^-!M2izim^tif.i^mi±. tmm i b 
[0013] iS*ja3fcie«t§ix7t:^Bjt±, mrte^ i <^ 
[00 143 i«*«4tciei»i$iT^F I ^mmzmth 

(t, 'y^<mM'mX'^h^^m:^-thT i rhi 

(I1301 7) (CfcV^-C, ffilO^S (ia3<01 
3) . ^20^S (03<^6) , |gl<7)jDmS (133 

C) X{iMie3I@^<0-N#B«0|Sne;J'-yr (03<7) 
A) tfOo^xT)— :^r£OfnB^-yr (1130A) i:g|liD» 

<r>^^t. fnB^iojnScsi«oai:>3VN S:m2^|gt*& 

-^•yr (EI3C0B) <oai:>jvB bmim2comM^co 
ttJ:bVNC$-jnS:L, ^2(7)inS[S<^aJ:tiS-^KF i r 

[0015] 115^^4 iaatfO%BatcJ:tT.«f, F I RHISI 

imiE^ifztb(7)m2<7)m»^bi^L, zttt^coms. 
^^mn^ti^m 1 mwcstx/mtm2<7)im<7^mMi:iA 

[0016] i«^3i5tci2«$tut^Bj(±, if^3«4ie 
m(r>F I REs&tcfcv^T, miEMii^mcom^v^mii 

^m5im(r>mM(,zxtn£. m^}^AzMLx:^^^im 
<r>imm^i:miE-t^m i ^^(^sk^r/m^AizMt 
X -&^nw<r>m^m.^^niL-ti>^2 co^^cois^s-^ 

[0017] m>^^ei.zim^ixt:Wm. i»*«4l£ 



«£7)F IR0S§tt5V^T, ^iWi'l^lElK (I1308) 

^^iSjgii^iHissti. iiriemi<ojna[fioai:»3av 

SSFiR|iig&ioaJ:»jt:«-::^t. S^F I R|llS&tfoai:»j 

7^^' 0 J . r 1 J xt>- r- 1 J tciRgirf J: 3 (CBtiiem 

Miem 2 <r>im}i LX , HulB^ 2 <r>mM^(r>-'U<r>X-f] 

[00 183 »«^6 leiio^Bjtc j:tL{±\ ^ 1 cr>t\m. 
l5fioaj:>3ayF I R[HlSScoai^j(ca-:r#, ^2<nmLt: 

i^BBtis iiAR3S6ifi«c7)F iR[iig»:tiv->T. mmm. 

i^SESSti, BuifiF I RES§coai:'3i:gL«ai:'3tc7)||Sr 

mwMm\i!,m^ {ii3<oi4) imdmitm^ 
i!bhti>^<r>wm.iii,^n (I13C01 0) mmm, 

^E-COmn^ (03012) t , KSIHcO^lEflcoai* 

[00 1 93 mM7sm<r)Wn(>ziix\,i. F I REIK 
^iii,:h\izmrs^m^¥ I Riii»oaJ:'3OffliE<!0^rr6i& 

[00 20 3 w^^s tciero^tt^vr^Bflii. m^m i ~ 

7fe^OF I RESS^iSMT-'-f X;?^Sfc5iJ«JL7t:i>0 
[002 1] 

i^mcomtmmm] mz. :^^mcommcr>mmizr>\,^ 
xmmtmzmPM-th. msu. :^^°M<^wi^X'h?>. 

A:^4S^-2 Otw6PJn$tXfc^aiLfi#Vin«. AGCHI 
8S1, 7'f/l'^'2$-:frLT. F I RHIK 1 7 CetdD^ix 
F I RElS&l 7«, JilTtCpK&f--SJ:dtC, 

■f-tti:>3Vout $:tii:b«^^2 l*>^>^#?,, 
[00 2 23 F I RSSSl 7(±. «i!cO:i' >yrSr^^S 
iiSa (jl®llIS&3, 40S®4{i. fi-f-Ol^iaiilii: 

Bg^LV>g5gB$rBT: T) 1 5, 9RZ/m%^ 
6- 1 3«:^-r-l.o Mm^l 5(i, ^ii:o^-y:7-$r^ 
L, moji®[ElS§3. 4^^^h. ^cr>. tp^coi^ y 

-9-'y'Bt:m$'l-zW!.x.^. O^O- -^y^-^ yTB 
<7)##&0#a, ^<?):&Srl#g. §^tc^tfO:&S:2# 
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c 0 0 2 3 ] imrk'^^^aa. ^mmms^ i4.m 
2 . mmiiii\s\m i o mm^^ 1 1 

RX/F I R|HlSSc7)tti:^3Vout tiZm^^. F I RESScOttS 

:>3*<roj, r 1 J :atX r-1 J iciRiarr'Sidfc:. -e 

[0024] «^z?i^iaiS8co®tt^ifiis& 1 o(±. ta 
:i3fi-^vout ^niE-r^iz^Lx. ai:*3^i-f-vout im 

s<?)A-$-m-s.isissT'^>-s, ^com^<r)mmiim4t,z^ 

2Xt±-VR /2i:$-Jt)KL. 

. vn =<-VR /2cr)t^. ffitt^HISSl 0«. 

r-1 J (Km,\i!,:h) "T-S.. 

[0 0 2 5] • -VR /2<Vn <VR /2<0i#, fli 

tt^^lsilfli 0(i. roj Utiij-r^, t^-^r, ::<7)J^ 

• Vn > = VR y2<Oti. titti^^lHlSSl Oii, 

r 1 J 2:tiJ:;3-r.i>« ^n. mmm&.vR a. \i!,:ht^'f-2 

m^V^fVX'^)^, : - 1 J {i. -VR -C 

S>S. tfz. VR /2S:aJtl(Cfii1±«0^S:U^*<, -e 

[0026] «gc^^IIIR8<7)^«sajiiiKl 4{i,. JiJ. 

f}^=f- 2 1 c7)!±l;(7fi^Vout t mm.h iOH^Sitiif |) 

2\t^ mmj<^^=F- (-) at;f^^s«cA^i«? ( + ) ^ 

I5IS3 Ki. aS112r:^f m:tl^g^2 lO 
ffi:^Jfi-f-Vout t^fgfiiVR /2X{i-VR /2}i^ 

• Vn <-VR / 2<7)t^. ^ifiJt«Sfl3 Iti, -VR 
[00271 •-VR/2<Vn <VR/2C0i:#.S 

■Vn >-V^ /'2<7)t%. Wmtm^SUi. VR 2: 

i:><r)tmtX'hh. ttz. VR /2S:«2^{ciglS<oibiK[ 
2rL7t:A>\ iix\:X9V(rm^mmtl^Xi,^\^. 
[00281 tm^S 2ti, lU:»3fi-f-Vout 

oil$-i:.i.0K-<:\ tfl::^iS^Vout{±, ^co^mxf}^ 

^izmuL. mmitm^s icothtsii. ^(^tmm.K-n 

^Tt.zm^^ixh. Jam§l3 2c7)tis:ti*5i^^^ailHl8S<7) 

7 ( 1) tc^-fj; dfc, 7--^**, rOj, roj, 
r 1 J , <" 1 J ^ r 0 J . r 0 J <r>^i.z-:>\^xmm-t 



^, C:<?)Jl-^0-^ff^{4. 127 ( 2 ) (c^-Ti dec, fi-f- 
(-f ) (Ttm^tm^- (o) tfOft#*^B£$it?t:fi-§- 

!^X'^z.h, ^yTAt,ZU. «{aVA {/jN$ViiEc7)il) 

cofi-^VR ICMLTVE ^'ft/h$v%) ^-iSix-CJsO, 
^' /rctcJi. ^i^Vc (-VR tiSv^. :*:#^ft<o 

[0 029] ::<i-c«±. «ES1 3fc^i<o^-c*s 

^i-f■X*^EpaD?^^V^^V^:^^COV^■r i^HJ-f . jDffS 
1 5<50aJ:»3VN {i, >yTA(7)fl-f-VA t ^' -y rC COft 
■^Vc i:Oft-^<:0»T-35.i.*»^>. fl^ (VA +Vc ) T' 

it. n.cr>±^^m(oimx'h^. zzxii. (va 

+ Vc ) -VR /2j:'9, "T^i:, 
ffi1S«!{llIllSll0£7)a};»jfi#i:fr, r-i J 

[0030] ffli$ix^:v^ai:^fi-f-Vout {i. 07 
(2) fc^-fi3t=. VR iO. VE Tt'tt. 

s>-s. cofi-^vout ^<wmim^3nzma-$tii>. 

«-^Vout i)K VR /2J:'9;fc:S:v^i:-r.g.t. SPJt® 
113 1 ffi^VR *>'£lj^j§ix|,, vIcOft-f-VR f: 

aj:'j«#vout jDScs3 2fceansiti.. tm^s 

2cDtii:hii. -fl-f-VR i;m:»Jfi-^Vout iOHcOft-^VE 

(c:<o«^, r - 1 J ) ms.^ti. -VE 3&fai:^3$ 

cico-vE ^m-i^^i lizx'om^^fixm-^-s 

^S*<ep;!lD§ix, ^S§6c7)fl!!:&<^A:ti^^tca. -V 

R /2 J: '5''^^V^, *«7)ffi<7)VN (-VR tCifiV^ffl) 

*VN ) ijmp^ix^. z<Dm^ii. tm^sizmm^ 

ti^ ■fe>':J'-^'>yr<7)fi-f-VB <^mi^vn tc^rSia 
tc. «-f-VB ic«DS:^s. -eco^m, aJ:»3fi-f-Vout 

ffllE (VB ffi*»^>VR «CffliE) 
[O03 1]-O^0. F I REIKI 7TJS. -1«B<7) 

Vc $r JpacS 5 (Cisv Jd» L . -?-co«D^fi-§-VN 
-^aJiLh<^«^, -e«ojps:S5iOtii:»3fi-^VN 

L. ffl^l 5<7)^ry^-^-y7-B<?)tti:?lfi-f-VB tCjp 
^-tS ^ J: "5 , fl^iOaiEo^ 0 mmM^^^ . 

•f-VA i: l#S<7)^ y7'C<?)!ii:^ft-^Vc i: S:|SlB#lc:, 

|hI tfmi:t^ifxmsETh ztt-^, m^com^^mw 

MWizmh-hm^XT). r-ij rij_ rojtfou 
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[0032] ^m^rn^ 

ixfzm^■ im^j^.c^m-^-) ^zmlx. :^^co^'yy (ft 
^j^aifi-co-^yy/i^}^.) iz^^immzmtifzm^) com 
lEtcov^riKBJf . 126 { c ) , ( d ) t^-r J; 0 
iz. PgM^^{cJ: >). roj W^^U**, fi^.d^*»t>* 
xSMMm^MMk^ii-^^^' 126 ( c ) , ( d ) 
<DX 0 *£i^f.it . mSM 1 3 1 <7)^XS: 1 1 1 
VN roj fc^rO. ^IS^^IUKStciS 

[ 0 0 3 3 ] >?-c:t% mmzm-hm^M/mm^cT) 

StRt, 3o-:^<^A;'3S^^«^x^epjir^ 
^icXJi. 126 (C) (OA. B<ou-^;i^SrALfi»t 
ffllEL. roj l^'^/Ut-rs, ^<7M¥k. 126 

( c ) <r)m^\i, m^me ( b ) -o tc^?,. 

[0 0 34] tpH. !23-e(i, ^S6 SrSD^SSc?)^ 
[0 0 3 5] 

^<.znLxi£^ffr^cm^m.if)-imE-th^2<o^ -/r 
^ i: J: 0 s wmM.?*-m^zxhmim:m&^^in 

[0036] mim2wdm(r)WMi.zxtx.\i. fi-^.^itcst 
Lxi^^mm.<^m^m^imL-fhm i 
is^¥S&t/fi-^jStc*f Lx:^^im<r>m^^^^miE 

ff0C:t3&*T'l'-S>, l»*iI3iaiKtfO%B^tcJ:ix{f. ft-t 

w>m±. ^mmz'nd:itifixth. 

[0037] IS««4|£i8(7)|%HJtC j:fT.<f , F I RESS 
&fflijE-rS^ci6<^)^2c0^fSi:2:^L. Cfrf^jiOmS 



[0038] imm5iEm(o^mzj:ixi£. fi-^*t=*f 

mm-j^izM Lx:^m-^<7)m'^m^^miEi-^m2 co 
m^<m:^i9[^ij^ii>imtzn5 z t *«-e§ s . mmm 
eimco^mz^tuf. mi<r>Mmw<7iiiijjmj^F i r 

[0039] m^m7sm<o^mi,zxtti.£. f i rhiss 

^c7)tiit>lzm':^^miF I RIIlSS£0ai:^jc7)aiEo:^f&l2r 

^tii:bi:m^^.^m^tim\'^x. m2(^im^^ 
[0040] m^-msim<7iwni,zxmi, mmmm.?*- 

[121] :^9mm.'kmm^hfzi^<r>mxhh> 
[112 ] «e*e?<j$:iJiHj^?.^*^oaT'S>s . 

[04] ^^mzm\^htii>wm.\mmt:mmtti:^ 
ib<7mx'hh. 

[05 ] *^iH^{cffll^4>nS^«iffi|II8S^i5tBB-r€.^c 
[06 ] SgaiL^i-f-cOP3l@2;^5r|jiHH-r^^46cO0-e 
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